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Description 

FIELD OF THE INVENTION 

5 [0001] The invention relates to' m 
to Isotheirnal methods for: ampilfte^^ 

BACKGROUND OF THE INVENTION 

10 : [dooij :/h W^ro ngcleid aeid anrijDi if icatioh techniques ha^^ ; 
aifibun^^ nucleic acids; The extrferne s^ rnethods has lead to attempts to develop them for diagnosis 

• V . : of Infectious and genetic diseases, isoiatipri of genesforanalysis; and^d^^ acids as in forensic 

medicine. NucleiCoacid annplificatjon tephniques can requirements ipf the 

prdceduire; The japlym ligaseJ cfikih ; i 

^ rs ; ■ reaction: (LCR; D; Y \Nu, et al. 1 989 . Genomics 560-569; K. Barrihger, et a! ! 1 990: Gene 89 , 11 7-1 22; F. Barahy. 
i99i. Proc. NatL Acad. Sci. US/^ 88, 1 89-1 93), trsm^criptio 1 989. Prdc. NatL 

Acad. Sd. USA^B, ^^7^ii77)B^^ restriction ampl If icatlbri (U.S. Patent 

In contrast, methods such asStrand Displacement Amplification (SD Acad. Sc/. 

USA89, 392-396 and G.TVifeIke allithreedisclbsiur^s 
20 being incorporated herein by reference), self-sustamed sequence replication 
Natl Acad. Sc/V USA 87^ 1874-1878) and the Qp repllcase system (P. M 

1197-1202) are Isothermal reactions. In addition, WO 90/1 0064 and WO 91/03573 describe use of the bacteriophage 
:: :phi29 replication origin for isothermal replication ::of nucleic acids. WQ 92/05287 describes a method for isothermal 
production of sequence-specific oligonucieotides In w in one stmhd allows a cutting agent to seiec- 

: : tiveiy cleave the opposite strand. The single stranded complementary: oligonucleotide is released, allowing repolym^ i: 

::-:::(Brization of an additional compiementary oligonucleotide. Isotherrnal ahnipn^^^ are ponducted at a constant tern- • 
perature, in contrast tothe cycling high arid IdW temperature^ 

as the PGR... 

[0003] The-pqhvlsntiohal SDA reactio 
;; 30 Is because the exo- klenowDN A polymerase and particularly the restriction endonuclease (e g arethermplabiie • 

(temperature sensitive). The enzymes which drive the amplification are therefore inactivated as the reaction temper- 
ature is increased. However, tlie abiiity to conduct isothermal amplification reactions such as SDA at higher ternpera- 
tures; than preyipusly possible could have several advantages . Amplification at eleyated temperatu res may allpw for. • 
more stringent annealing between amplification primers and tennpiate DNA^ thereby Imprp^^ 

^ amplification process. Background reactions could also be reduced as a result of such iririproved amplification specificity. 
In SDA, . a: significant source of background reactions are the short "prinner dimers" which are generated when the 
ampliffcation primers interiact with each other.' Forrriation of primer dimers rnay sisribusly impair the efficiency of the . 
^ : : d^^ such prirtier dihriers is more likeiy at lower 

temperatures because the reduced strihgehcy of the reaction ' allows ihcre 

^0 quehces: with limited homology. The ability to cbriduct SDA at higher temperatures could potehtially reduce iprimer 
dimer interactions, reduce background and improve the efficiency pfspecific target amplification. In addition, am pi if yi tig 
at higher temperatures may facilitate strand displacement by the polymerase. Improved strand displaci rig activity might f 
increase the efficiency of target amplif icsitipn, and; resu It in increased yields of th e ampl if icatio n p rbduct. The use of 
sufficiently heat stable enzymes could also illdW all reagents^: 
initial heat denatu ration step. Conventional SDA requires that theienzym 
stranded target sequences have been denatured by heating. 

[0004] dUTP may be incorporated into amplified target DiS A by SDA. This allows amplicons from a prior amplification 
which may contaminate a subspquenta^ 

glycosylase (IJDG). The decpnta^^^ method: itself -can^ b^^^ terriperature at which the arn 

y- '50':- plicons were generated in the SDA: reaction. However,: SDA amplification products generated at lower temperatures 
(i;e., :37**C to 42*^G) may cental n ai: high level of nonspecific background products. Decontamination of large anriounts 
of background amplicons may seriously irifipede or i^ 
; : reducing the effjci^npy p^^^^ 

pressing the aririoUnt of -ripK-sjDec 
". . 55 ■ : UDG decontamination procedure. 

[0005] The SDA reaction requires several very specific enzymatic activities in order to successfully amplify a target 
V sequence. Thenridphilicpolymeras^ h However?, as pther 

, anipllficatiori systemsM^ 
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wais known about the activities and. reaction requirements of thennopliilic enzymes as they relate to the biological 
activities required by SDA. Further, because SDA requires concurrent activity by two different enzymes (restriction 
endonuclease and polymerase), it was not known prior to the present Invention whether br not compatible pains of jsuch 
thehriophilic enzynnes exjstecji That Is, both^ resti^iction enc|ohucleas;e 

5 are required 

. with each other and with SDA in order for both to function efficiently in the same iSDA reaction mix/ In addition, the 
; polyhierase niiist 1 ) lack 5'-3' exb nuclease activity, either naturally or by inadivatipn, 2)- incoi'p 

cleotides: required by SDA (athib-dNTPs or other nhodified dNTPs), 3) displace a downsteam single strand from a 
double stranded nriolecule starting at a single stranded nick, and preferably 4) incorporate dlJTP to allpw amplfcon 
10 : decontamlriiatldri.,Tiie polymerase must:e)rtend:the cpmplementary strand ip dNTPs to a 

: free 3-OM; It^^^^^ that the polymerase; have a high process iylty. That is, the; polymerase should be able 

. to add ais many nucleotides asipossible before dissociating and temrilhating the extension product The restrictioh en:^ 
donuclease must lyniclc (i.e., cteaye a sirigie strandiof) its double; stnanded recognition/cleavage sit^ 
: riitioiiAjieayaae site is hem 

15 polymerase to bind and amplify the target efficiently, and pr6f(^rably 3) be unaffected^ incorporated into its 

i^ognitlpn/cleavagesite/ In addition, t^ 
nMiptlon Qondltlons compatible with^ 
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SUMMARY OFTHE INVENTION 



^ [0006] The present invention p 
V foiTTied over^ 

themiophilic SDA is 50°C to70*'C. It ha^ been found that certain ther^ 

-. . p^^ 

25 - from the site. It has further been found that certain thennophilic polymerases are capable of extending from the nick 
while displacing the downstream strand. These discoveries have made possible developrnent of an SDA method which, 
; ;\; by virtue of being perfoniaed at hig^ 

: reduced nonspecific backgiround annplificatibh^a^^ products:. In addition, 

;.. the need to add the enzymes in a 

30 elinilnated when enzymes which are stable at the denaturation temperature are used. UDG decontaminatioh of target- 
. . specific amplicoris in the SDA reaction is also more efficient when ; the amou nt of nonspecif ib backgrou nd -amplicbris . 
■• Is'-f6duc6d.;;' 



DESCRIPTION OF THE DRAWINGS 



■ ^^19: 1 H'iJStrates^it^ 
: ; Fig, :2 iiiustrates ttie SDA reaction cycle for a double stranded target with two :am 
^0 ampiificatioh). Thdpdrtl^ 

linear SDA. 

DETAILED DESCRIPTION OF THE INVENTION 

["^5 [0008] As used herein, the following tenns and phrases are defined as follows: 

[0009] An amplification primer is a primer for amplification of a target sequence by primer extension. For SDA, the 
I:-: 3\end of the amplifipatibn prirrier (thie target 

SDA amplification primer further comprises ia recbgnition/cieavage site for a 
: Additional nucleotides 5'^^ 

;^5b endonuclease. The recognition/cleavage site is for a restrictiori en donuclease wiiichw nick one strand of a DrvlA- 
duplex when the recognition/cleavage site is henriimodi^^ as described by Walker, et al. (1992. PA//AS, supra): A 
. hemlmodlfied recognition/cleavage site is a double stranded recognition/cleavage isite for a restriction endonuclease 
. in which 6he strand contains at leas^^ ty^^p istrands by 

J the restriction endonuclease. ) h most casesi: the strand of the hehfiinnodified recpgriltioh)^^ iri itisilly 

55; . : does not contain; derivatized nucleotides is nicked by the restriction endonuclease. After the first SDA cycle, h owever, 
. ; : ^ ' half ; of the recognition/cleavage site of the nicked strand will contain derivatized nucleotides, but this does not prevent 
subsequerit nicking. The preferred hemirriodrfied recognition/cleavage sites for conventional SDA are; hemiphosphb-^^ 
K rbthipated fecognitip The am- 
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plification primer also comprises a 3'-0H group which is extendable by DNA polymerase when the target binding se- 
quence of the amplification primer is hybridized to the target sequence. For the majority of the SDA reaction, the 
amplification primer is responsible for amplification of the target sequence. 
[0010] Extension products are nucleic acids which comprise a p 
5 sized strand which is the complement of the target sequence d^ ; • 

resultfrom hybridization of a primer to a target sequence and extension of the primer by polymerase using the target 
sequence as a template. 

[0011] A bumper primer or external primer is a primer which anneals to a target sequence upstream of the amplifi- 
cation primer, such that extension of the bumper primerdisplaces the downstream ani^ 
10 product: Extension of bumper primers Is one method for displacing the extension products of 
■ but heating Is also suitable. 

[0012] Identical sequences will hybridize to the same complementaiy nucieotl^ 
. sequences are sufficiently sinrijlar In their nucleotide sequence that they, also hybridize to. the same partially comple- : 
mentary nucleotide sequence. 
'5 [0013J The tenris target or target sequence refer to nucleibadd.^^^ 
nucleic acid sequence to be amplified, Its comjD!ement9ty^ s 
. sequence which is produced in the amplification reaction. The target seq 
for extension of hybridized amplification primers. 

[0014] Anipliflcation products, amplified products or ampiicons comprise copies of ^^^^ 
20 erated by hybridization arid extension of ah amplification primer. This temri refers to both single stranded and double . . 
stranded amplification primer extension products which contain a copy of the original target sequence j' 
mediates of the amplification reaction. 

[0015] Strand Displacement Amplification (SDA) Is ap isotherm^^ 
tension of primers, hicl<|hg of a hem^ 
25 stranded extension products, annealing of primers to the extension products (or the orjgmal target sequence) and 
subsequent extension of the primers occurs concurrently in the reaction mix. This is in cpntrast to the PGR, in which 
. ■ ; th^ steps of the reaction occur in discrete phases or cycles as a result of ^ 

. reactlbri. SDA is based updh t) the abllit^^ 

: phorothioate fomri of its double stranded recognition/deavage islte ah 
30 replication at the nick and displace the downstream non^emplate strand. After an^l^^^^^ 

perature (about 95^*0) to denature double stranded target sequences for annealing of the primers, subseque^^ 

erization and displacement of newly synthesized strands takes place at a constant temperature. Prod 

new copy of thetarget sequence consists of five steps: 1 ) binding of amplification pn 

or a displaced single-stranded extension product prey^^^ 
fi?: nuclease deficient polymenase incorporating an a-thio^^d^ 

hemimodified double stranded restriction site, 4) dissociation of the restriction enzyme from the nick site, and 5) ex- : 

tension from the 3' end of the nick by the 5'-3'exonuclease deficient polymerase with displacement . 

newly synthesized strand. Nicking, polymerization and displacement occur concurrents 

temperature because extension from the nick regenerates another nickable restriction s|te. When a pair of ampliftoation 
40 primers is used, each of which hybridizes to one of the two strands of a double stranded target sequence, amplification 
. Is exponential. This is because the sense and antisense strands serve as templates for the opposite primer^i^^^ 
quent rounds of amplification. When a jingle amplification primer Is used, amplification is linear because only one 
strand serves as atemplate for primerextehsion. Examples of restriction endonucl^^^ 
: ed recognitioh/deavage sites when an a-thio^^d^ 
. 45 these restriction endonucleases and others which display the required nicking activity are suitable fbr use jh cphveh-" ■ 
tidnal SDA. However, they are rela^^^ 
. [0016] Targets for amplification by SDA niay be prepared by fragriientln^^ 
- endonuclease which does, not cut the target sequence. However, it Is generally preferred that target nucleic acids.: - . 
haying the selected restriction endohuclease recdgri W^ 
50 as described by Walker, et al. (1992, A/i/c. Acids Res., supra) and in U.S. Patent No. 5,270,184 (hereby incorporated 
by reference). Briefly, if the target sequence is double stranded, four primers are hybridized to It. Two of the prihriers 

(S ^ and S2) are SDA amplification primers and two (B| and 82) are extemal or bumper primers. S^ and S2 bind. to 

opposite strands of double stranded nucleic acids flankirig the ta^^ 

5* (I.e., upstreahn) of and Sg, respectively; The exdnucleaise deficient pblymeraise is th^^^^ to sirriultanebusiy 
55 extend all four primers in the presence of three deoxyriucleoslde^t^^^^ 

eoside triphosphate (e.g., 2*-deoxyadenosine 5'-p-(1-thiotriphosphate), "dATPa^ 
. S2 are thereby displaced from the original target sequ^hc» templa^^ 

stranded extension products of the ampliflcatipn prini0rs serve .a6 k targets for biridirig of the opposite amplifte^tion : ■ . . 



4 



EP0 684 315B1 



and bumper primer (e.g;/the extension product of S^ W^^ Bg). The next cycle of extension and diplacement 

results in two double stranded nucleic acid fragments with hemimodlfied restriction endonuclease recognition/cleavage 
sites at each end. these are suitable substrates for amplification by SDA. As in SDA, the individual stejDs of the target 
generation reaction occur concurrently and continuously, generating target sequences with the recognition/cleavage 
5 sequences at the endis required 

reaction are alreadyipreseiit In the tai^et^g^ sequences generated automatically and cbntlh - 

uously enter the SDA cycle and are amplified. 
: [0017] ■ 

incoippi^Qc! intO;:SDA^ of the amplification reaction. The uracil-mod-:: 

70 :;. jf led nucleic be specifbally recognized and inactivatQid:b^ UDG: therjefore, if d is : 

■X- Incorporated ihtbSDA^amp . 
to amplification of double stranded targets, and any dU containing DN A from previously amplified reactions will be ... 
rendered unampliflabie;The:target;DNA to be amp 

■ : be affe^ UDG-triBatment -UDG rhay then be inhibited by treatment with U 

IS:--. Alternatively, UDGmayibdheat-in^ itself (> 60" G) 

; can be usedto concurrently Inactlvatei UDG and amplify the target, / ; 
. : [0018] SDA requlres a pbiymerase which lacks 5'-3^^ activity, initiates polyniierlzatipn at a single stranded 

nick in double stranded nucleic acids, and displaces the strand downstream of the nick while generating a new com- 
■ pl6mdntary strand usihgi th^ uhnicke^ The poiyni^rifee m extend by adding nucleotides to a > 

20 free 3-QH; To pptirnize the s;^^ readjon, it is ajso desirable that the polyrherase maximizath ; 

length of target sequence whb^ l^ighly processive polymerases are capable 0^ 

strands of significant length before dissociating and terminating synth 

tivity is essential to the ampllficatibh reacUpn; as it nri^kes-the target #aila^^ . ' : 

: generates the single strahdied ext^ second! amplification primer ni^^ 

25 aniplificatibn reactions. N Innppil^nce, ^ it ite; niclicjng 

allows subsequent rounds of target ampiification to initiate. 

[0019] As little was previously known about the activities of thenTidphilic polymerases at appropriate temperatures 
for SDA, a polyiTierase scre^^^^ to identify candidate thenriophi polyrrierases if any existed, 

Th(5 screening systemii^ 
: ^ initiating at a sjngle stranded: nick in 

is essential for SDA. However, 5!-3'/exbnuclease activity, if pre^biit in; an ::<^ 
. > can be inactivated by routine nriethods knowri ih^^ Onebf the mbst cprnnnbn methodsfor sele^^^ 

inactivating exbnucteas^ 

gene sequence which codes for the prptM dp^ activity, and; inactivate it by in yi&o 

; 35 : mutagenesis. Alternatively, exonuclease activity may be inactivated by treating the pbiym erase with iprotease to Isplate .; 

■ fragments which exhibit only the desired polymerization and displacing activities. Therefore a thermophilic polymerase 

"■: identified In the extension assay which is active at a suitable temperature, initiates extension at a nick and incorporates . . .: 
modified or unconventipnal dNTPs but has 5^3' exQnuclease activity is not eliminated from consideration for thbr- :; 
mophilic SDA. 

40 [0020] In the extension assay for poiynri a double stranded nucleic 

acid and initiation at a nick is staged by anneali ng two primters immediately adjacent to each other on an intact seq uence . . i j 

■ complerinentary to both primers. The primers a^^^^ at their 5' ends. If a polymerase has strand displacement } ■ 
activity, is able to initiate pblymerizatip . ; : ■ 
bbth primers ai-e extended dind two e)rtehsion pr^^ : 

^5 activity but cannot initiate extension at the nick (e.g., it requires a gap) or also;; lacks displacem 

.: extension product of the downstream primer will be detected. A polymerase which initiates at a nick but has 5'-3'; 
.;; / : exonuciease activity: wijl gene^ 
^Sx-^:" l}-/:-^' [OOilj: -Th^ folloWm 

invention: ekb; Vent (iNew::^^ Bi9iab^),^^b-Peep;y^ 
:'x:y ^^ gene), Bca (Panvera), and Sequencing Grade Taq ( Promega) . Cithers may be routinely identified using the foregoing 

extension assay without the exercise of inventive skill, and all such polymerases would be suitable for use In ther- i • 
mophilic SDA. The polymerases Tth :(Boehringer)^^^^ 
tre) stranddisplaceifrorn a^^^ 
bfthb invention aift^i^re^ 
: i^S; ases identified so far have optimal activity at 65^6-75^0 and^^^^ 

■ .: thb: theniibste^ less than 65*'C, thenn6philiC 

;jbb|yrrieraseis with optimal; ;ac^iyity:: at thenmophilic : 

• restricjibn endo^ 
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[0022] The restriction endonuclease must dissociate from the recognition/cleavage site sufficiently quicl<ly to allow 
efficient amplification of the target sequence, allowing the polymerase to bind promptly at the nick and initiate extension . 
Restriction endonucleases suitable for SDA also must cleave only the primer strand of a double stranded hemimodified 
recognition/cleavage site for the restriction endonuclease ("nicking"). Because restrrction enzymes generally produce 

5 double strand breaks, cleavage of one of the two strands in the duplex of the cleavage site must be selectively inhibited. 
This is usually accomplished by Introducing nucleotide analogs (e.g., deoxynucieoside phosphorothioates) into one 
strand of the DNA during synthesis so that the modified strand Is no longer susceptible to cleavage. In some cases, 
introduction of nucleotide analogs may result in the unmodified strand being no longer susceptible to cleavage, in 
cases where the unmodified strand is protected from cleavage, nucleotide analogs may be Incorporated during syn- 

10 thesis of the primer to cause nicking, thus eliminating the need to add nucleotide analogs to the ampliftoation reaction 
and the requirement that the polymerase be capable of incorporating sucii nucleotide analogs. 
[0023] Nucleotide analog substitutions do not protect the primer strand from all restriction endonucleases, however 
A means for assessing the nicking characteristics of restriction endonoucleases was therefore required in order to 
identify suitable enzymes among the many available themiophilic restriction endonucleases, if such enzymes existed. 

15 Therefore, a screening system for identifying thermophilic restriction endonucleases with the desired properties was 
devised based on the ability of a modified deoxynucleotlde Incorporated into one strand of the double stranded restric- 
tion endonuclease recognition/cleavage site to protect one of the two strands from cleavage by the endonuclease. This 
is referred to as the analog-induced nicking assay or the strand protection assay. 

[0024] In the assay, a single stranded template and a complementary primer are synthesized. The tehnpiate and the 
20 primer are then labeled, preferably with a radioiabei. The primer and template are hybridized and modified dNTPs are 
Incorporated by extension of the primer, producing a fully double stranded molecule containing a hemimodified restric- 
tion endonuclease recognition/cleavage site. This product is treated with the restriction endonuclease under appropri- 
ate conditions for cleavage. Electrophoretic analysis of the reaction products under denaturing conditions is used to 
determine, by the size of the fragments generated, whether or not the recognition/cleavage site was nicked, cleaved 
25 or uncut. The size of the fragments on electrophoresis was also used to determine which of the two strands of the 
recognition/cleavage site (i.e., modified or unmodified) was protected from cleavage. 

[0025] Thermophilic SDA is performed essentially as the conventional SDA described by Walker, et al. (1 992. PNAS 
and Nuc. Acids Res., supra), with substitution of the desired thermostable polymerase and thennostable restriction 
endonuclease. Of course, the temperature of the reaction will be adjusted to the higher temperature suitable for the 

30 substituted enzymes and the Mincll restriction endonuclease recognition/cleavage site will be replaced by the appro- 
priate restriction endonuclease recognition/cleavage site for the selected therniostable endonuclease. Also in contrast 
to Walker, et al., the practitioner may include the enzymes in the reaction mixture prior to the initial denaturation step 
if they are sufficiently stable at the denaturation temperature. Pref en-ed restriction endonucleases for use in themriophilic 
SDA are Bsri, BstNl, BsmAI, Bsll and BsoBI (New England BioLabs), and BstOi (Promega). The preferred thenriophillc 

35 polymerases are Bca and Bst. 

[0026] To develop an optimized SDA system capable of high amplification factors (e.g., 10^ - 10^), evaluation and 
optimization of the buffer systems is recommended. This is also the case when evaluating a new restriction enzyme/ 
polymerase pairing for use in thermophilic SDA. The manufacturer provides a recommended buffer for the restrtetion 
endonuclease which Is usually aTris buffer with 10 mM MgCl2. it may also contain 50-150 mM either NaCI and/orKCl. 

40 These conditions are not necessarily optimized for themnophilic SDA but, instead, are intended to provide 100% double 
strand cleavage of nucleic acids at the recommended temperature. In SDA, the restriction endonuclease recognizes 
Its double-stranded site, however, the substitution of the derivatlzeddNTP induces the endonuclease to nick the primer 
strand rather than cleave both strands; The manufacturer-recommended buffer may therefore not be the optimum 
buffer for expressidh of this modified restriction endonuclease behavior. In addition, the re3trkition endonuclease must 

45 function in concert with a polymerase in SDA. The buffer system must therefore support both nicking by the restriction 
enzyme and extension/displacement by the polymerase in order for the SDA reaction to occur. 
[0027] When evaluating a buffer system for use with a new SDA restriction endonuclease, It Is generally useful to 
begin buffer optimization by evaluating the recommended buffer for the restriction enzyme. Using a subtractlve.method 
one can detennlne which components are essential for the nicking action of the endonuclease. Combining this infpr- 

50 mation with buffer conditions which are known to enhance polymerase activity in SDA, a prototype buffering system 
can be developed. As discussed above, an important aspect of buffer optimization is the interactive nature of the 
components. For this reason, it is desirable to test various concentrations of different components rather than keeping 
one component constant and varying the others one at a time. For example, if various MgC]2 concentrations are ex- 
amined while keeping the KPO4 constant; the result is the best MgCig concentration at that particular concentration of 

55 KPO4. But if various combinations MgClg and KPd4 concentration are examined the result Is the combined concen- 
trations of MgCl2 and KPO4 which provide the best resujt. Therefore, each of the buffer components should be examined 
simultaneously to insure that the concerted effects of the components provides optimum amplification. This method is 
described In detail In Experimental Design in Biotechnology by Dr. Penv Hiaaland (Marcell Dekker, NY, 1 989). 
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[0028] The methods for buffer optimization for conventional SDA are useful for themiophilic SDA. The buffer for 
conventional SDA (employing Hincll/exo-K!enow) was developed as follows: SDA was performed using each of the 
commercially available buffers for restriction endonucleases, These buffers contained 20-50 ml^ 
mM NaCI and/or KCI ( or the acetate salts) and 5-12 mM MgCl2. The buffer that b^^ 

5 REACT 6 from GIBCO-BRLr although the manufacturer recohrimende^ . 
cleavage (20 mM Tris, pH 7.4, 5 mM MgClg and 60 mM KCI). REACT 6 buffeir contains.50 mM Tris pH 7.4, 6 mfJi 
MgCl2/50 mM NaCI and 50 mM KCI. Further experiments were perfonried in which it was detenri'i^ 
. K+ were the most iniportant buffer components. A KPO4 buffer was th 

buffer supported both restriction endonuclease activity and polymerase activity^ 

10 in the conventional SDA reaction. Using KPO4 buffers with restriction end^^ 
appropriate for the restriction endonuciease/polymerase combinatiori in SC^^ 

More common buffers (i.eTris) have been examined in a similar fashion but do not-further enhance amplification. 
[0029] Similar optimization methods may be applied to determine; aa 
clease/polymerase combination; for thenriophilic SDA, requiring onl^^^ 
'5 skill. In many cases the KPO^MgClg buffer typically employed in conventiohal^S 
either as described or with some routine modification orthe concentrations iof thes^^ 

^. ...EXAMPLE 1.-. 

20 EXTENSION ASSAY SCREENING QF PQLyMERA$ES 

[0030] Using plasmid pBR322 as a target, two primers were synthesized which annealed immediately adjacent to 
each other on the plasmid. Primer PBRt was the upstream p 
: : Prirher PBR2: hybridfee^ downstream of PBR1 arid bbrresppnded to iDases 3691 -3720v^T^ 
25 ; were synthesized using an Applied; Biosystems DNA syntheisizer,- Modersso, and purified by electroelutipn from a 
denaturing acrylamide gel. The primers were labejled separately in kinase reactions using: 10 ji M primer, 50 ml\^ Tris, 
|dH 7.5, tO mM MgClg, 70 ^iC| 32pv\TP and 1 0 unite polynucleotide 

at 37^C. The. labeled primer^; were combined with 200 ng of Pstl/Hincil digested pBR322 at a final concentration of 
. ^ . J . . o;2 \M (each: prinieiOv The target a buffer containing 25 m 

30 kPb4 pH 7.4, 2-8 mMMgClg and 0.2-1 mM dNTPs. The mi)rture was then cooled to the selected reaction temper 
(50-70°C) for 2 minutes. One unit bf the polymerase was added and the reaction was all 
The reactions were stopped by addition of an equal volum 
Twenty-five ^.L of the reaction were electrophoresed over a 6 
graphic 

35 : [0031] The above reaction conditions were used in the assay to test the activities of the piolymerases ait 50° G, 60° G 

and 70°G. In each instance, the polymerase was tested in the presence of either all conventional deoxynucleotides . ■ , \ 
- (dNTPs) or in the presence of the conventional dNTPs and one thio-su^^ \ 
mix'7/The polymerases tested and the reaction conditions are shown in the following Table: 



40 



45 



50 



Rxn# 


Temp .(°C) 


dNTP ordCsTP rnix 


Mgeij:;;:;: 


• Polymerase (1 liihit) : 












1 


50 


1 mMdNTP- 


8 mM 


--Bstc' ■ 


2 


50 


1 mM dCTPaS mix 


8mM 


:■ . Bst • 


3 


50 


: 0.2 mMdNTP : 


4 mM ■: 


Bca-;':---'C^^\'';'' .'-^ 


4 


50 


0.2 rtiM dCTPaS mix 


4 mM :. 




::.5 


■ sa:"- " ■ 


1 mM.dlvn"P 


5;2!mM 


■ exo^^peep Vent 


S 


50 


1 mMdCtPaSmIx 


5,2 mM ; 


exo^ipeepyent , 


7 


60 


0.2 mMdNTP 


2mM 


exo- Vent 


8 


50 


0-2 mM dCTPaS mix 


2 mM : ; 


: exo-Vent ; 


9 


50 


0.2 mM dNTP 


2mM 


; exo-l=*fu - . 


10 


• ;.. :50:.-. :;. 


p-2 mM dCTPaS mix . 


.■:2;mM 


.. exbrPfu.; 


11 


60 


1 mM dNTP ; ;■ 


S mfyi - 
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(continued) 



5 



20 



Rxn# 


Temp ('C) 


dNTPordCgTPmix 


MgCl2 . 


Polymerase (1 unit) 


12 


60 


1 mMdeTPaS:mix 


BnriM;. 


Bst 


13 


60 


0.2mMdNTP . 


4mM 


Bca 


14 


60 


0.2 mM dCTPaSmix 


4 mM 


Bca 


15 


60 


I mMdNTP ■.. ■ 


5.2. mM 


exo^Deep Vent ; 


16 


60 


1 rriM dCTPaS mix 


5.2 mM 


exo-Deep Vent 


17 


60 


0.2mMdNTP 


2 mM 


exo-Vent 


18 


60 


0,2 mM dCTPaS mix 


2mM 


exo-Vent . . 


19 


60 


0,2 mM dNTP 


2mM 


exo-Pfu 


20 


60 


0^2mM:dCTPaSmix 


2 mM 


exo-rPfu 


21 


70 


1 mMdNTP 


BnriM 


Bst. 


22 


70 


ImMdCfPaSmIx 


BmM 


Bst 


23 


70 


0.2 mM dNTP 


4mM 


Bca : 


24 


70 


0.2 mM dCTPaS mix 


4 mM 


Bca 


25 


70 


1 mMdNTP 


6:2 mM 


exo-Deep Vent 


26 


70 


1 mM[dGTPaS;mlx: 


:5.2:mM : 


; exo-DeepVent ; 


27 


70 


0-2 mMdNTP - ' 


2mM: ■;■ 


: exo-Vent 


28 


• :-"'.'70 


b.2 mM dGTPaS rnix 


::2 mM • : 


exo-Vent 


29 


70 


0.2 mM dNTP 


2mM 


exo-Pfu 


30 


70 


0.2 mM dCTPoS mix ; 


2mM 


: exo-Pfu ..• 



[0032] Polymefkses which were able to extend both primers with displaicernent of the downstreamv newly synthesized 
strand generated two bands on the autoradiograph. The larger band represents extension of PBR1 to the HihcM site 
of the dlge;sted target plasniid and is 244 hucleotides in length. The smaileriband is the extension product of PBR2 
extended to the Hindi site and is 214 hudeotidiss In length. When pn^/ one extensiori pi^pduct was generated, only ! 
one band was detected on the autpradiograph. When the only band was the smaller of the-twoi onjy the downstream 
primer: (PBR2) had been extended. Such polymerases would hot be suitable for SDA, either because they are not 
capable of extending the upstream primer by initiating extension at the nick or because* they are not capable of dis- ., 
placing the strand downstream from the njck. When only the iarger band was detected, polymerization had initiated at 
the nick, but the polymerase also exhibited 5'-3Vexonudea^ 

[0033] The activity profiles of the polymerases identified in the pxtiehslbn assay which are 
SDA are summarized in the following table: 



so 



55 



POLYMERASE 


STRAND DISPLACE 


5'-3'-EXO 


OPTIMUM TEMP 


SOURCE 


Bst(B. 


■ Yes^.- . 


No 


'65«C ■ : 


BioRad&MBR 


stearothemiophilus) . 










Bca (B. caldotenax) 


Yes 


No 


65°G : : 


Panvera'fTakaii) 


exo-Vent (Themriococcus 


Yes 


No 


72''C 


NEB 


lltoraiis) 










exo-Deep Vent 


• ■ ' Yes ' - 


. ' No 


72*C 


NEB ' ' ' 


(Pyrococcus sp. GB-P) 










exo-Pfu 


Yes";-' 


. No 


72°C 


Stratagene 


tth (Thermus 


Yes 


Yes 


72*'€ 


Bpehringer Mannheim &; 


thbmiophilus HB-8) 








Epicentre 


Tfl {Themfiusfiayus). 


Yes 


Yes 


72^'C 


Epicentre 
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r ULT IVI t nAo t 






\Jr I ilVlUlvl 1 CIVIr . 




Replihase 


Yes 


Yes 


72«C 


DuPont 


Replitherm 


Yes 


Yes 


72^C 


Epicentre 


Taq (Thermus aquaticus) 


Yes; 


Yes 


72'C 


: Perl<in-ElmerCetus,USB& 










Boehringer-Manhhelrh 


Sequencing Grade Taq 


Yes 


No : 




Promega 


(Thennus aquaticus) 











[0034] Bst polynierase (BibRady and Bca poiyniiBrase (Pan 
... produced both extension products In the assay. Of the poiymerases tested in this example, only oniy these two exhibited 

. ail of the required attributes (initiation at the.nlclc/ strand dis^p^^ 
/5 cieotides) over the entire temperature range SCO tO; 7b'*C. The Bca and Bst: polymerases are therefore useful in 

them^bphilicSDA reactions overthe entire range^^^^^ 

of polymerases (Exo* Vent, exo- Deep Vent and exo" Pfu) produced the PBR2 extension product across the temperature 
range, but failed to produce significant amounts of the PBR1 extension product below 70° C. Using thesethree polymer- 
ases, none of the 244 nucleotide PBR1 extension product was detected at 50°C and only a small amount was detectable 

20 at: 60**C. However, a significant.amount of each of the two extension products was produced at 70*'C, These reisults 
v indicate that displacing Activity and/or inltiatlo^^ 

Vent and exo* Pfu. They were, however, capable of incorporating thio-substituted deoxynucleotldes and had all of the 
■ : other activities required for S DA. The polymerases in this second group are useful in thermophilic SDA in conjunction 
with a restriction endonuclease which is functional at about 70?C or higher, preferably with a restriction endonuclease 

25 which has a temperature pptimum at about 70'? C. Alternatively, their: d^^^ 
t^mperaturesi by addition of ai si)lvent; such 

v.;.;.;: 10035] Only the PBR1 extension product was sieen when Siequenci Taq, Tth, Tfl, IREPI^INASE and REP- 

LITHE RMpoiynrierases were tested in the assay. These res 

polymerization at a nick, but they have 5'-3- exonuclease activity. With selective elimination of the 5'-3' exonuclease. 
30 activity using methods known In the art, thjs group of polynnerases is also useful in thermophilic SPA- 

■ ■ 'eXAMPLE.2 

STRAND PROTECTION ASSAY FOR SCREENING 

[0036] Double stranded ollgphucleotides containing heniimodlfied recognition/cleavage sites for restriction ehdonu- 
. cleases were constructed. The double stranded dligohuclebtides were constructed by first synthesizing a cohnmon 
prinier 16 nucleotides in length (SEQ ID N0:1 pr SEQ ID NP:2) and various template. strands 44-57 nucleotides in 
length. Each tenriplate strand contaihied multiple recoghition/cleaVage sites in tahdeni, usually with. filler sequences in : 
40 between each site. Cleavage sitWs w0re ppsltiohed on the ojigbhucteotlde stich that nicking or cldavaige of each site 
wpuld resuit m a fragment which Woijid.bei^ d oh a gel. ln some cases where the endonucle^^ 

exhibited degehei^te recognitlori/cieavage s 
follows: 

45 CDAva 1?1 (SEb IP N0:3):. : 

5 • -TACW^AGTCCCAATCTACCCX^ 
SO /■ CDAva2S1-(SEQ iPNO:4): ' 

5 ' - TACAATAGTCCC3UVTCTAGTCGTC 

5S ;.. TP-1.:(SEQ:IPN0:5): 



5 ' - CCGGiiATCTGGAft^^ • 
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15 



20 



25 



30 



TP-1C(SEQIDN0:6): 

5 • - CCGGAATTCTGGTTCCroGAGAGCCAGT - 3 ' 

TP-3 (SEQ ID N0:7): 

S • -GGAATTCCGTGCCAGTCATCiV^GATCGCA^ 3 • 

TP:3C (SEQ ID N0:8): 

5 \ - GGAATTCCCTCGGGCGCTGATCT^CATra - 3 * 

TP-4 (SEQ ID N0:9): 
5 ' -GGAATTCCCGAGGiU^ 

TP-4C(SEOIDNO:10):. 

. SSP-BSMA (SEG-ID N0:1 9): •.. . /•; \. 
5 ' r GAGAATTGGTXSGACTGa^GATC 



. [0037] SEQ ID N0:1 primes SEQ ID NO:5-10 and SEQ ID NO:2 primes SEQ ID NO:2-4; These templates contain 
recognltion/deavage sites for the following restriction en don ucleases:Accl, Aspl, Bsal, BsaBI, BsiYI, Bsll, BsmI (two 
degenerate sites), BsrhAI, BsmFI, BsmHI, BspVVI, BsoBI (four degenerate sites), BsoFI, BsrI (two degenerate sites), 
BsrBRl, BsrDI (two degenerate sites), Bst71l; BstNi (two degenerate sites), Bstp!, BstXI, DpnIi hiaell, MamI, Mboll, 

3? Mval, Mwol.Sfil, andTthim. 

[0038] The primers and templates were purified by gel electrophoresis after synthesis and electroeluted from gel 
slices using standard methods. They were then 5' end-labeied using T4:polynucleotide kinase and Y-p2p]-adenosine 
triphosphate for later autoradiographic detection! A typlcalkinase reaction cbritaiihed 2 jiL of IdX kinase buffer (New 
England Biolabs), 1 0 |iL of y-p^PJ-ATP (3000 curies/mmot; NEN-Du Pont), primer or template to give a final concen- 

40 tration of 1 |iM, 20 units T4 polynucleotide kinase (New England Biolabs), and water to make a total reaction volume 
. of20|iL. Kinase reactions were performed at 37°C for 30 min., then terminated by heating in 

The primer was then hytsridized to each of the templates and extended using polymerase and variousphosphorothibate- 
substituted nucleotides, producing a: double-str^ oligonucleotide in which the recbgnition/cleavage sites were 
hemimodffied^Derivati^ed dNTPs were incorporated Into one or the other of theM^ 

^ sites in different experiments to test the effect on nicking activity. The radiolabeled primer and template were then 
. annealed by mixing 2|iL of each ,1 jiL of REAGT-1 buffer (Life Technologies), and 11 .5 |lL of deiphlzed, distilled water 
in a closed 0.5 mL polypropylene microfuge tube. This mixture was heated for 3 min. in a boiling water bath, then 
allowed to cool slowly to 37**e by removing tlie water bath f ronri the heat source. The tubes were then transferred to; a. 
37°C incubator and the hybridized prihners were extended on the template by adding 1 |lL of tlie appropriate mix of- 

50 deoxynucleoside triphosphates (dNTPs) including at least one thio-dNTP, 2 ^iL of 10 mM dithiothreitol (DTT), and 0.5 
jiL of a 1 0 unit/jiL solution of exonuclease deficient Klenow polymerase (U.Si .Biochemicals). The final concentration 
of eabh dNTP in the extension reaction was 250 ^M. Primer e)ltenWion Teactibns were aHbwed to proceed for 20 min. 
, and were then terminated by heating at 75°C for 10 min, 
[0039] After extension, aliqubts were diluted ip-fold into the a^ 

S5 as recommended by the supplier of the restriction endonuclease. The final concentration of DNA molecules in the 
' assay was 1 0 nM. Strand protection assays were initiated by adding 5-1 0 units of the appropriate restriction endonu- 
clease to eabh reaction mix. The reactions vvere incubated at the tenriperature recommended by the supplier of the 
restriction endonuclease. Samples were removed at regular intervals ^rid added to ari equal volume of fonnamide 
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sequencing reaction stop solution (U.S. Biocliennicals) to quench the reaction. Quenched sannpies were stored on ice \ 
until all were collected. The samples were then heated In a boiling water bath for 3 min. and loaded onto 8% polyacr- 
yiamide, 7 iVi urea DNA sequencing gels in Tris-borate buffer (Gjbco-BRL). Elec^^^ 

power level of 57W for 1 hour. Radiolabeled DNA bands were visualized by autoradiography using Fuji RX grade 
5 ray film. 

[0040] Of the themnophilic restriction endohucieases tested, eleven which completely or nearly completely nicked : 
the hemimodifled recognition/cleavage site were Identified in this study: they are listed ^i^^^^^ In some 

cases, only one of the degenerate sites for the restriction endonuciease was niclced when hemimodified in the strand 
protection assay. Theiposition of the recognition/cleavage site in the tenfiplates is indicated by nucleotideposition^ : 
10 with the results of the various phosphbrothioate substitutions. If Incorporation of a dNTPptS gave complete or. nearly ;. 
complete protection of the derivatized strand (i.e., the unmodified strand was nicked),, the nucteotide substitution js : 
lifted - "None" Indicates that no thiohucieotlde substitutions w 



.ENZYME; 


TEi\^ PLATE 


ncCOGNITION SITE t 


P ROTE CTI O INI W ITn d NTPoiS 


AccI 


SEQlbN0:9 


• 17-22 ■ ■ 


■ - c ■" ■ 


Bsll 


SEQ ID N0:9 


• .7-17 . ■ 




BsmI ; 


SEQ ID N0:5 


10-15 


C - unmodified strand protected 




SEQIDNp:6 


. 35-40 


A - modified strand protected 


BsmAI 


SEQ ID N0:5 


27-31 


,g+t' 




SEQ ID NO: 19 


22-31 




BSOBI : : 


SEQID|sjO:7 


33-^38 


None 




SEQ ID NO:10 


29-34 






SEQIDN0:3 


19-24 . 






SEQ:IPn6:4 


;-i9-24 




: Bs fl • 


SEQ ID n6:5; ' 


■ • 22-26 


'■■■'■•None 




SEQIDN0:7 


'1:2-16. ; .. 




. ■^BSrOi;.-:;.:;,: 


SEQ ID N0:9 


■" 23-28 . 


■'Nprie.' ..■ 




SEQ ID NO:10 


13-18 




BstNl 


SEQIDN0:5 


31-35 ■ ■ ■• 


••■■■None 




SEQIDNG:6 


15-19 ■■ 


^. A+C '•' 


BstOI 


SEQIDNOrS 


31^35 


None: 




SEQ ID N0:6 


. .1:5-19- ■ 




. BstXI 


SEQ ID N0:5- 


"15-27 . 




Mwoi 


SEQIDN0:9 


23-33 





t Recognltion sites are given in nucleotides from the 5' er>d of the template istrand. 



40 [0041] it is Interesting to note that the recognitip N0:5 at position 10^15 for Bsmi; exhibits proje^ 

of the unmodified strand, i.e., the modified strarid is nicked. This suggests the possibility of using this recdgnitibh site : ■ : 
in conjunction with thio-derivatized primers in thenriophilic SDA in place of the conventionale . ■ 

such; a system, nicking and di^placingi would proceed in the ab^^ eNminatihg the need for 

the polymerase to be capable of incorporating derivatized dNTPs. ■ 

45 [0042] These candidate restriction endonucleases were further tested for their therm^^ 
range. Only AccI had unsatisfactory stability In this temperature range and couid^ n^^ 

stabilizers such as double-stranded DNA and BSA. The remaining nine restriction endonucleases were tested in a 
linear SDA reaction as In Example 3, Ail resulted in a^ 

dissociates too slowly from Its nicked i^ecognitlbh/cjeaviage site or is not able to nick the site again (1;^., to Initiate ■ 
50 subsequent amplification cycles) after the first extension step incorporates thiolated nucleotides into both strands of 
the recognltion/deavage site. Alternatively, Mwoi nicking activity 
therefore be optimizable as described above, making Mwol a 

[0043] Linear SDA as in Example 3 was perfomried using BsoBI, BsrI, BstNl, BsmAi and Bsll with substitution of 
dUTP.forTTP. This was to confinri the 
55 methods. BsoBI, BstNl and BsmAI were not negatively affected by dlJ In t 

ciency of linear SDA was reduced for BsrI and Bsll under these conditions. Because the Bst and Bca polymerases 
appearto. be unaffected by dUTP substitution,^ . 
. poration of dU into the recognition/cleavage site of the enzyme. As the cleavage site fpr Bsll occurs in a degenerate . 
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sequence, it is believed the site can be altered to overcome the effect of dU on the nicking activity of this enzynne. 
[0044] Several thermophilic restriction endonucleases were identified which have partial or low nicking activity under 
the initial screening conditions of the strand protection assay (e.g., Tth1 111, BsiYI and BsoFI). Nicking activity of these 
endonucleases may be optimized by optinriizing the the reaction conditions (e.g.,. by optimizing the buffer or adjusting 
5 the reaction temperature), rendering them more useful for thenupphilic SDA^ In addition, as it is known that sequences 
flanking a restriction endonuclease recognition/cleavage site may affect endonuclease activity, altering the flanking 
sequences of the templates may also improve nicking activity for endonucleases which nicked only partially or promote 
nicking activity in endonucleases which did not nick under the conditions of this example. 

10 EXAMPLES 

LINEAR THERMOPHILIC SDA 

[0045] The polymerase Bst and the restriction endonuclease BsrI were tested in a linear SDA reaction performed at 
IS 60°G. Successful amplification of the target sequence indicates not only that both the polymerase and the restriction 
endonuclease are functioning under the conditions of the thennophilic SDA reaction, but also that SDA "turnover" Is 
occurring, I.e., the restriction endonuclease dissociates after nicking the hemimodified recognition/cleavage site so as 
to allow initiation of polymerization, with repetition of the cycle following polymerization. 
[0046] Two DNA oligomers having the following nucleotide sequences were synthesized: 

20 

CCACCTCTGACrrGAGCGTCCGlfiCCT 

(SEQIDN0:1:1) 

25 

GCAAAAGGCCAGGAAeCGATAAAAGGAT<K:GTTckrrGGCGTTAGTC<^ 

30 (SEQIDN0:12) 

These oligomers hybridize to each other with a 21 base pair overlap and protruding single-stranded 5' ends. The Bsri 
recognition/cleavage site is Indteated in SEQ ID N0:11 by underlined italics. 

[0047] The oligomers were anhealed by inculpating at 1 00**C for 3 minute?, followed by slow cooling to 60*'C. They 
were then extended to fomn a completely double-stranded fragment using ^t polymerase, three conventional deoxy- 

35 nucleotides (dCTP, dTTP and dGTP, one of which carried an a-^^P label) and 2'-deoxyadenosine 5'-0-(1 -thiotriphos- 
phate) (dATPaS). This duplex was 92 nucleotides in length. BsrI endonuclease was then added to start the amplification 
reaction (time=0). BsrI nicks the unmodified strand of the recognition/cleavage site between the two G's when the 
complementary strand contains the modified adenosine. The polymerase then initiates at the nick and polymerizes; In 
the 5'-3' direction, displacing a single stranded oligomer 70 nucleotides in length. After the first cycle of polymerization, 

40 the endonuclease recognition/cleavage site is regenerated but the strand of the recognition/cleavage site which was 
previously unmodified is partially substituted with dAaS 3' to the nick. This does not interfere with SDA, however. 
Repetitive cycles of nicking and polymerizing generate multiple copies of the 70 nucleotide extension product from 
each duplex initiatly present in the reaction. 

[0048] SDA reactions were performed at 60**C In 20 \il of a buffer comprising 25 mM KjP04 pH 7.6; 6 rtiM MgCl2; 

45 50 mM KCI, 0.5 mM dCTP, TTP. dGTP and dATPaS; 100 \iC\ [a-32p] dCTP (3000 Ci/mmol); 50 nM each oligomer; 50 
units Bsri endonuclease and 2 units Bst polymerase. Aiiquots (5 \lL) were removed from the reactions after 5, 10 and 
20 minutes. Labeled products were separated by electrophoresis on a denaturing poiyacryiamide gel and visualized 
by autoradiography. A first series of SDA reactions contained the complete list of reagents given above, in a second 
series of SDA reactions Bsri was omitted. In a third series of SDA reactions Bst polymerase was inactivated by heating 

50 (100'»C, 5 min.) afterfomnation of the duplex and prior to addition of the restriction endonuclease. 

[0049] The expected 70 nucleotide extension product was detected in the first reaction series at the first time point 
(5 minutes) and thereafter. A band corresponding to the Intact complementary strand, 92 nucleotides long, could also 
be seen. The second series of reactions showed only the 92 nucleotide reaction product, as without the nicking activity 
of Bsri no 70 nucleotide extension products could be generated. The third series of reactions showed only nicking of 

55 the duplex, evidenced by a faint band 70 nucleotides in length and a faint band 92 nucleotides in length, both resulting 
from the unamplified duplexes initially present in the reaction. The turnover rate of the SDA cycle in this experiment 
was estimated from the film density to be apprbximately 1 min'l.. 



12 



EP 0 684 315 B1 

EXAiWPLE4 

EXPONENTIAL THERMOPHILIC SDA 

5 [0050] BsoBI (Isolated by New England BloLabs fronn a BaclHus species) and Boa polymerase (PanVera Corporation, 
cloned from Sac///us.ca/dotenax) were used to demonstrate exponential amplification of a target sequence by ther- 
mophilic SDA. Complementary oligomers were synthesized to serve as the two single strands of a double stranded 
target sequence (SEQ ID NO: 13). Five ^L, containing various concentrations of this target sequence, was added to 
each of the reaction mjxtui^s. Some readiorisireceived no^ t^ 

10 sized. Primer XBsoB1-1 (SEQ ID N0:t4^^^^^ 

single stranded form, as did primer XBs6B1 -2 (SEQ ID NO; 15). 

[0051] Primer XBsoB1-1 hybridizes toonestrandofth6targetsequencetofon7ia17base 

single stranded 5' ends. Extension of the recessed double stranded 3' ends by the polymerase renders a completely 
double-stranded fragment 103 nudeotides long containing a double stranded hemimodified B^^ 
. : 15 vage site. Similarly, primer XBsoBI -2 hybridizes to the opposite strand of the target sequence to form a 17 base palr; 
double stranded bveriap with protmding single stranded 5' ends. This structure is also filled in 
a double stranded 103-mer containing a double stranded hemlmodlfied BsoBI recognition/cleavage site. 
[0052] The reaction mixtures, minus Bca and BsoBI, were heated for 3 minutes to denature the targe^^ ' 
cooled to the reaction temperature of 60**G. After equilibration for 3 niinutes, 4 unitis of Boa polymer^e and 16 units 
20 of BsoBI were added |n a total volume of 5 ji L. The final concentration of reagents in the reaction mixtures (final volume 
SOjiL) was 25 mM KjP04 pH 7.6; 1 :375 mM each dCTPaS,^d^ 
. albumin; 6.5 mM MgClg; 0.05 ^M XBsoB1-1; 0 05 |iM XBsoB1 -2; 16 units BsoBI, 4 unitsBca, +A the target sequence. 
The amplification reactions were allowed to proceed for 1 hour, then stopped by placing the tubes in a boiling water . 

y .'.;;/'•■*■■ 

. 25 [0053] Amplification products were detected as follows. A 10 ^iL aliquot of ieach reaction was removed and a ^^p- 
labeled primer (SEQ ID NO: 16) was added. After hybridizing the p 
primerwas extended to diagnostic length: by addition of polymera^^ 

Res., supra, TBn jiL of a denaturing loading solution were added to the aliquot, which was theri heated. Teh jiL were. 

electrophoresed on denaturing pply^crylamide gels foranaty^^ 
$0 [0054] The predicted lenigths of detectable oligonucleotides in this experiment were 1)^^^^ 

extension of the primer on the nicked, displaced amplification productj and 2) 81 nucleotides, produced by extehslon . . 

of the primer on the intact, full length target. The method was sufficiently sensitive that amplification product was . 

detected: when ast few as 150 molecules of target 

reaction conditions were not optimized. 
^ ".' - ■ - ■ ' y^Jr-- . ■S^:.:- vvV" 'X '" 

EXAMPLE.5 ■ . . ■ '^vVv • 



COMPARISON OF CONVENTIONAL AND THERMOPHILIC SDA 



40 [0055] Themriophilic linear SDA using BsbBI as the restriction endonuclease was compared to cohy^n^^ 
SDA using Hincil: The amplification reactions were^ 

Hindi (Reaction Condition A) 
V 45 mM; K1PO4:, pH 7.6 ^ 

45 [ ; ••v:/io% DMSG- ■ • 

: :0.25 mM each dATPaS, dCTP, dGTP, dTTP 
':i0P|Lg/mLacetylated[ bovine serun^^^ 
^e.mM MgCl2 V- 

50 riM ;primer/targetcompiex (SEQ ID NO: .17 a^^^^ 

■ so . ;.■ : . : 150 units Hincir. 

10 USB units exo* klenow polymerase 
: 0.01 mCi a-32p.deTP 
. BsoBj. (Reaction Condition ;B);; 
■'■■;25mM'KjP04,pH-8.i- 
S5 : ::0.25mM eachdCTPaS, dArRdGTP, cTTTP^^^^^ ^"^^^^ .^^ - '^^ 

^^^^ ;;t^^ ^ ■ ' 

■■ ItSmM-MgClg V ^^''^^^^ 

50 nM primer/target complex (SEQ !p :.N0:1$ and SEQ iP lsiO; 1 3 cpmpiennientary ?t^^^ 
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16 units BsoBI 
4 units Bca polymerase 
0.01 mCi a-32p-dATP 
. . BsoBI (Reaction Condition Q) 
5 25 mM K,P04, pH 8.3 

0.25 mM each dCTPaS. dATP. dGTP, dTTP 
100 ^ig/mL acetylated bovine serum albumin 
6mM MgCl2 

50 nM primer/target complex (SEQ ID N0:1 S and SEQ ID N0:1 3 compl^^ 
10 16 units BsoBI 

4 units Bca pblymerase 

0.01 maa-32p.dArp 

[0056] The reaclion nAixtures (minus the einzymes) Were heated for 3 minutes to denature the; targietDN A ahd cooled ; 

IS to the desired temperature for amplification to anneal the primers , (40**C for Hiricil and 60°C for BsoBI). After equili- 
brating for 3 minutes, 2|iL of polymerase were added and the extension reaction was allowed to proceed for 20 minutes 
to produce a completely double stranded target 85 nucleotides in length for the Hindi system and 103 nucleotides In 
length for the BsoBI systems. A 3.5 jiL aliquot was then removed to 5 p.L of stop solution as a control for the extension 
reaction. The appropriate restrictipn endonuclease was then added (2 ^L). For Hindi, time points were Xeken at 5, 20 

20 and 60 minutes. For BsoBI, time points weres taken at 1 , 3, and 6 minutes. Allquots for each time point were added 
■ ■ '. directly to 5 jiL of stop solution. The samples were then heated by boiling for 2 minutes and 5 |tL were loaded for 
electrophoresis on a denaturing polyacrylamide gel. The gels were analyzed by autoradiography. 
[0057] The expected reaction products for the.Hincll conventionai SDA reaction were the full length, intact target > 
hfloi^bule (85 nucleotides in lengitH) and a nicked, displaced amplification prodbct^ in length; The expected 

25 products for the BsoBI reactions were the full length target (103 nucleotides in length) and an 8 1-mer amplification 
product. All of these products were detected. However, there was a marked difference In reaction rates between the 
. ^conventional Hincll/exo; klenow system: and the BsoBI/Bca syst^ 60 
minutes to generate a detectable level of nicked, diplaced ampi^^^^ 

only about 6 minutes to generate detectable levels of target siequ^npe ampiifiqation. Of the two reaction conditions 
30 tested for the BsoBI system. Reaction Condition G with a lower concentratidn pf M improved rate bt: 

. amplification as compared to Reaction Condition B. 

SEQUENCE LISTING 



3S [0058] 



. (1) GENERAL INFORMATION:, 



(i) APPLICANT BECTON, DICKINSON AND COMPANY 



40 : 



45 



(A) NAME: BECTON, DICKINSON AND COMPANY 

(B) STREET: 1 Becton Drive .. 

(C) CITY: Franklin Lakes 

(D) STATE: NJ 

(E) COUNTRY: US 

(F) ZIP: 07417 



(il) TITLE OF INVENTION: STRAND DISPLACEMENT AMPLiFICATION USING THERMOPHILIC ENZYMES 




50 . ^ : (iii) NUMBER QFSEQUENCES;;i 9 
(iv) COMPUTER READABLE FORM: 




55 



(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS :: 

:(D) SOFTWARE: PatentIn Release #1 :o, Version #1.25 
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(V) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILINC3 DATE: 

(2) INFORMATION FOR SEQ ID NO:1 : 
(I) SEQUENCE CHARACTERISTICS: 

10 ; (A) LENGTH: 16.base pairs . 

(B) TYP^: nucleic: acid 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear : 

IS (ii) MOLECULE TYPS: DNA (genomic) 

(xl) SEQUENCE DESCRIPTION: SEQ IP NO:1: 



20 



GCGGATGCGG CCGAGT 



(I) SEQUENCE CHARACTERISTICS: 

. (A) LENGTH: 45 base pairs 
(B) TYPE: nucleic acid 
45 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

. (li) MOLECULE TYPE: DNA (genomic) 

50 (xl) SEQUENCE DESCRIPTION' SEQ ID NO:3: 



16 



(2) INFORMATION FOR SEQ ID N0:2: 
25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(II) MOLECULE TYPE: DNA {genomlcy ^ . ; . 

: (xi) SEQUENCE PKGRIPTION: 5EQ IP N 

CACTTGATGC CTCCGTGTAA .'G. 2X 
. (2) INFORMATION FOR SEQ ID N0:3: 



TACAATAGTC CCAATCTACC CGAGCTTACA CGGAGGGATC JUUnt^ 4 5 



55 (2) INFORMATION FOR SEQ ID N0:4: 

(I) SEQUENCE CHARACTERISTICS: 



15 



10. 



25 



30 
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(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 



: (2) INFORMATION FOR SEQ ID N0:5: : ^r- 

15 :: (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs 
. (B) TYPE: nucleic acid : 
(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

CCGGAATTCG A^TGCCaVAAA GACIOGGTCT CCAGGAACC^ 56 



(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs . . . 

(B) TYPE: nucleic acid 

35 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOl-ECULE T^^ 

40 (xi);SEQUENCEDESCRI^^^^ 

CGGGAA i '^ rcr GGTTCCTCSGA GACCCAGTCT U ' rAG GCATTC ACTCGGCCGG ATCCGC 56 

45 (2) INFORiyiATION FOR SEQ ID N0:7: 

(I) SEQUElSlCE GIHARACtERiSTlCS; 

■ ^(A),LENGTH::54base:pa^^ ,• 
so (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear : 



55 



(ii) MOLECULE P/PE: DNA (genomic) • 
(xi) SEQUENCE DESCRIPTION: SEQ ID Nd:7: 



16 
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GGAATTCCGT CCCAGTCATG AAGATCCfCAG CGCCCGAGAC TCGGCCGGAT CCGC 

(2) INFORMATION FOR SEQ ID N0:8: 
(i) SEQUENCE CHARACTERIStlCS: 

(A) LENGTH: 52 base pairs . 

(B) TYPE: nucleic acid 

■ (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DNA. (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

GGAATTCCCT CGGGCGCTGA TCTTCATGAC TGTCCCACTC GGCCGGATGC GC 

(2) INFORMATION FOR SEQ ID N0:9: 
(i) SEQUENCE CHAFiACTERlSTlCS:: 

. :,(A):LENCTH:4^ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) ;MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

GGAATTCCCG AGGAAGCrTAG ACGCAATGGC GGCACnXGGC CGGA'XCOGG 

(2) INFORMATION FOR SEQ ID NO:10: 
(i) SEQUENCE CHARACTERISTICS: / 

(A) LENGTH: 50 base pairs ; 
; (B) TYPE: nucleic acid. . 

(C) STRANDEDNESS: sihgje 
: (D) TOPOLOGY: linear 

m MOLECULE TYPE: DNA (genomic) .. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

GGAATTCGCA 'GCCATO 03GGACTCGG CCCSGATCCGfG 

(2) INFORMATlbN FOR SEQ 

: : (i) SEQUENCE CHARACTERISTICS: 

• (A) LENGTH: 56 base pairs 
i(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(II) MOLECULE TYPE: DNA (genomic) 
(xl) SEQUENCE DESCRIPTION: SEQ ID N0:11: 

CCACCTCTGA CTTCyVGCGTC CCA6TGTCAA TACGGCGGAG CCTATGGAGT AACGCC 

(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(II) MOLECULE TYPE: DNA (genomic) 

(xl) SEQUENCE DESCRIPTION: SEQ ID NP:12: 

GCAAAAG6CC AGGAACCGAt AAAAGGATGC GTT G CTGGCG TTACTGCATA GGCtCCG . 

(2) INFORMATION FOR SEQ ID N0:13: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
(P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

CCGGAGCTGA ATGAAGCCAt ACCAAACGAC QAGCGTGACA CCACGATGCC TGiCAGCAATG 
GCAACAACGT 

(2) INFORMATION FOR SEQ ID N0:14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(II) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

GTATTCTGCT GCTCTGTTCC GCCTCGGGTA GACACGT-TGT TGCCATTGCT 
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(2) INFORMATION FOR SEQ ID N0:15: : 
. (i) SEQUENCE CHARACTERISTICS: 

.5 (A)LENGTH:5dbase:palre^:^^:. 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single ■ 
(P) TOPOLOGY; linear 

10 (li) MOLECULE TYPE: bNA (genomic) 

(xl):?^QUENCE DESOTO 

j5 GGAOTCGCCr CC/^5ATCTGG TCCTCGG^ . 50 

(2) INFORMATION FOR SEQ iD Nb:16: ^ ^ : . 
(i) SEQUENCE CHARACTERISTICS: 

20 

(A) LENGTH: 23 base pairs 
■ : . (B) TYPE: nucleic acid 

(C> STRANDEDNESS: single / 

(D) TOPOLOGY: linear 

25 .. ■ . 

v (ii) MOLECULE TYPE: DMA (genomic) 

(xl) SEQUENCE DESCRIPTION: SEQ ID N0:1 6: : 

'■ 30 ■ 

CATCGTGGTG TCACGCTCGT CGT 23 

(2) INFORMATION FOR SEQ ID N0:17: 



■ >5 (0 SEQUENCE-CHARACTERISTICS: 

(A) LENGTH: 49 base pairs :. 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single : . : : 
• 40 ■ ■ ; . •.(D).tOPdLOGy:;lirie8ir / 

, (Ii) MOLECULE TYPE: DNA (genonilc) 

SEQUENCE DESCRITOQ ■ ' 

.45 ■" ■'. ■ ■ ' ■ ■ ■ ■' ■ . • 

ATACGGGTTA CTGATGATCA ACATGCCCGO "TTAC^^ GTTGTGiAGd , : . *S| 

(2) INFORMATION FOR SEQ ID N0:1 8: 

(i) SEQUENCE CHARACTERISTICS: ' 

(A) LENGTH: ST base palrs 

(B) TYPE:nuc|e]cacld:^ .. 
. 55 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

. . (li)::MOLECULE ry^PE: DNA (genomic) : 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:18: 

GAGAATTCGT GCSACTGCAGA. TCGTTOACGT GA.TTACCCTC ACAACGTTCC ASTAACC 57. 

(2) ;INF0RMATI0N FOR SEQ ID N0:19: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 base pairis 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA (genomic) 
■ (XI) SEQUENCE DESCRIPTION: SEQ ID N0:13: 



GAGAATTCGT GGACTGCACA TGTCTCCAAT CXCCCCTCAC AACGlTCCM . 55 



annex: 

sequence listing 

[0059]' 

(1) GENERAL INFORMATION: 

;• (l) APPLICANT BECTON, DICKINSON AND COMPANY ; 

(A) NAME: BECTON, DICKINSON AND COMPANY . ; 

(B) 'STREB: IBecton Drive 

(C) CITY: Franklin Lakes 

(D) STATE: NJ 

(E) COUNTRY: US \ 

(F) ZIP:07417 :.; 

(ii)TITLEOF INVENTION: STRAND DISPLACEMENT AMPLIFICATION U ENZYMES 
(III) NUMBER OF SEQUENCES: 19.; 
(Iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPCTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS : 

(D) SOFTWARE: Patentin Release #1.0, Version M 

: (y) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 95103569.0 

(B) FILING DATE: March 13/19515 

: (2) INFORMATION FOR SEQ ID N0:1: : 
; . (I) SEQUENCE CHARACTERISTICS:. 
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(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(P) TOPOLOQY: linear 

(II) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ IP NO:1: 

(2) INFORMATION FOR SEQ ID Nb:2: 
(I) SEQUENCE CHARACtERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:: 

CACTTGATGC: CTCCGTGTAA G 

(2),INF0RMATI0N FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 
. (B).TYPE:nucieicacid 
• (C) STRANDEDNESS: single^:, 

(D) TOPOLOGY: linear 

:. (il) MOLECULE TYPE:: DNA (genomic) . 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 



TACAATAJ6TC CCAATCTACC GGAGCZTACA CGGAGGCATC AAGTG 
(2) INFORMATION FOR SEQ ID N0:4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear 

. (ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ IP NO:4: 
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(2) INFORMATION FOR SEQ id; N0:5: : . 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs 

(B) TYPE: nucleic acid 

10 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: DN A (genomic) V 

^5 (xl) SEQUENCE DESCRIPTION: SEQ ID NO:5: 



CCGGAATTCG AATCCCAAAA GACTGGGTCT CCAGGBkACCA ACTCGGCOGG ATC06C 56 

20 

(2) INFORMATION FOR SEQ ID N0:6: 
(i) SEQUENCE CHARACTERISTICS: 

25 (A) LENGTH: 56 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

30 (ii) MOLECULE TYPE: DNA (genomic) 

(xl) SEQUENCE DESCRIPTION: SBQ ID NO:6: 



3S CCGKaAAXTCT GC?rrCClX3G3^ : 56 

(2) INFORMATION FOR SEQ ID N0:7: 
(I) SEQUENCE CHARACTERISTICS: 

40 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 

(ii) MOLECULE TYPE: DNA (genomic) 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

GGAATTCGGT CX:GA0TOATG AAGATOGC^ 54 

(2) INFORMATION FOR SEQ ID NO: 8: 
55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(II) MOLEQULE TYPE: DNA (genomic) 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

QGAATTCCCT CGCK303CTG21 TCTTC%TCAC TOTCC3ACTC GGCOSGXTCC GC 

(2) INFORMATION FOR SEQ ID N0:9: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGtH: 49 b^se pairs . 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single . ; . 

(D) TOPOLOGY: linear 

■(II) MOLECULE T^^ 
(j(i) SEQUENCE DESCRIPTION: ^^^^ 

GGAA AGSAAGGl^AG ACGOA^^ CGGAXCCGG 

(2) INFORMATION TO^ 

(I) SEQUENCE CEARACTERISTICS: 

(A) LENGTH: 50 base pairs . > 

(B) TYPE: nucleic acid 

(C) STFHANDEDNESS: single 
(byi'QiP^PLpGY: linear 

■ (ii) MOLECULE TYPE: DNA (genomic) • 

(xi) SEQUENCE DESCRiptlON: SEQ ID NO:10: 

GGAAT* CGCaV GC^ 

(2) INFORMATiON FOR SEQ !D Nd:11:^ 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pair^ 

(B) TYPE: nucleic acid 

. (C) STRANDEDNESS: slnfijte 

(D) TOPOLOGY: Ijriear 

(II) MOLECULE TYPE: DNA (genbmte^^^ 

(xi) SEQUENCE DESCTIPtlON: SEQ ID N0:11 :: . 

CCACCTCTGA CTtGAGCGTC CCM3TGTGAA TA.C!Q50GGA6 C(^'rQ(^T MOGCC 
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(2) INFORMATION FOR SEQ ID N0:12: 
(i) SEQUENCE CHARACTERISTICS: . 

(A) LENGTH: 57 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(II) MOLECULE TYPE: DNA (genom : 

(xi) SEQUENCE DESCRIPTION: SEQ ID n6:12: 

GGAJEIAAGGCC AGGA^CGAT GTTGCTQGCG Xm 57 

(2) INFORMATION FOR SEQ IP N0:13: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

. (G) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

- (ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1 3: . 



CCqGAGCTGA ATGAAGCCA7 ACCAAAC6AC GA6CGTGACA CCACGTqX^ TGC^^Gt^TO 60 
GCaACAACX^r 70 

(2) INFORMATION FOR SEQ ID N0:14: 
(0 SEQUENCE CHARACTERISTICS: 

: : (A) LENGTH: 50 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single \ : 
: (P) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA (genomic) 

(xl) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

GXAlTCTGCr Gdb^CTGTTCC 6CG1?C6l3GrA GACSlCXSl'ItaT TOCCATiXSCl' . 50 

(2) INFORMATION FOR SEQ ID N0:15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(G) STRANDEDNESS: single. 

(D) TOPOLOGY- linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:15: 

GGArrrCGCCT CaVGATCiCG TCCTCGOOISl GACXXGOMC TGAA3QAAGC 50 

(2) INFORMATION FOR SEQ ID N0:1 6: 

10 : (i) SEQUENCE CHARACTERISTICS: 

: (A) LENGTH: 23 base fDaIrs . 
: (B).TYPE:nucielc:acld:' 

(C) SIRANDEDNESS;: single 
IS (b) TOPOLOGY: linear .: 

. (Ii) MOLECULE TYPE: DNA (genoiTilcy ^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1 6: 

20 

CATCSGTCGTG TCACC3CTC0T CGT 23 

(2) INFORMATION FOR SEQ ID NO:17: : 
.: ■ (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

(B) TYPE: nucleic acid 

30 . (G)StRANDEDNESS:single^^^^^: : 

(D) TOPOLOGY: linear 

(II) MOLECULE TYPE: DNA (genomic) 
35 , . . .: (xi) SEQUENICE DK 

40 : (2) INFORMATION FOR SEQ ID Np:t 

(I) SEQUENCE CHARACTERISTICS: 

■ ^(A) LENGTH::57-basepairsv^^^ 
45 . :(B) TYPE: nucleic acid'^vy^ 

(C) STRANPEDNESS:s;lngle ^ ■ . • 

(D) TOPOLOGY: linear :. 

Oi> M<?LECOLE TYPE: DNA (g^^^ 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 

55 . 

(2) INFORMATION FOR SEQ ID N0:1 9: 
(I) SEQUENCE CHA^ 



25 



EP 0 684 315 B1 

(A) LENGTH: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear 

(ii) IVIOLECULE ry'PE: DNA (genomic) 

: (xi) SEQUENCE DESCRIPTION: SEQ ID NO;1 9:. 



IS 



10 • , : 

GMAATTCGT GGACP0CAC3Jl^ CCX:CCCTGAC AlkOGT^^ TJACC 55 

Claims 

1. A method for amplifying a target sequence comprising: 

20 a) providing a single stranded hMcleip acid fragment containing the target sequehp^, the fragment haying a 5' 

. end and a 3' end; 

b) binding an amplification primer for SDA to the 3* end of the fragment such that the primer forms a 5' single 
stranded overhang, the amplification primer comprising a recognition/cleavage site for a thermophilic restric- 
tion endonuclease which does not cut the target 
■ : -l i c) extending the amplification prinnieroAthe^^ 

1) a thennophilic DNA polymerase, the polymerase being active between about 56*'P arid 70^^ 
strand displacing activity and lacking. 5'-3' exdh^ 
li) deoxynucleoside triphosphates. 
30 ill) at least one derivatized deoxynucleoside thphosphaWa^ 

iv) a thermophilic restriction endonuclease which nicks the recognition/cleavage site vy 
(modified by incorporation of the derlvatlzed deoxynucleoside tripho 
between 50''C and 70?C, 

35 thereby producing a first extension product of the ahripiification primer comprising a first newly synthesized 

. strand complementary to the target sequence and a double stranded hehiimodified restriction endonuclease 
recbghitibn/cleavage site; 

d) nicking the double stranded heminribdified restriction endonuclease recognjtioh/cleayage site with the re- 
• strictlori endonuclease; 

40 . e) extending from the nick using the DNA polymerase, thereby displacing the first newly synthesized strand- 

from the fragment and generating a second extension productcomprising a second newly synthesized st^^^ 
■■: ■ ' . ' \..._;and;- . ■.■[■''■ . v.- • "": 

f) repeating the nicking/ extending and displacing steps such that the target sequeh^^^ 

45 2. The method of Claim 1 wherein the DNA polyrnerase is selected from the group cons^^^^ 
. Bst polymerase. 

3. , the method of Claim 2 wherein the restriction endonuclease Is selected from the group consisting of BsrI, BstNl, 
BsmAI.-Bsll, BsoBI and BstOI. 

50 ■ • .■ ■-. ■ • ; ■ • ■". _ : ': ■ 

4; A method for amplifying a target sequence comprising: 

a) providing a first and a second single stranded fragment comprising thetarget sequence, thefirst and second 
single stranded fragments each having a 5- end and a 3* end; 
55 b) binding a first amplification primer for SDA tothe 3' end of the first single stranded fragment and a second 

amplification primer for SDA to the 3' end of the second single stranded fragment such that the first and second: 
amplification primers fonti 5' single stranded overhangs on the first and second single stranded fragments, 
respectively, the first arid second amplification iprirt^^ 
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cleavage site for a thermophilic restriction endonuclease which does hot cut the target nucleic acid sequence; 

c) extending the first and second ampiification primers on the first and second single stranded fragments, 
respectively, at a temperature between 50 and 70 ""C in the presence of 

i) a thermophilic DNA polymerase, the polymerase being active between about SO^C and 70*'C, hiaving 
strand displacing activity and lacking 5'-3' exonuclease activity, 

ii) deoxynucleoside triphosphates, 

In) at least one derlvatlzed deoxy nucleoside tnphosphate, and 

Iv) a thennophllic restriction endonuclease which njcks the rqcognition/cleavage site when the site is hem- 
\ imodified by incorporation of the derlvatlzed deoxyhucleoside triphosphate, the endonuclease being active 
between about 50°C and 70°C, 

thereby producing a first extension product of the first amplification primer comprising I) a first newly synthe-v 
sized strand complementary to the first single stranded fragmeriit and a first doiibiie strainded hemimodlfled ; 
restriction endonuclease recognition sequence and 11) a second'extensloh product bbmprising a second newly 
synthesized strand complementary to the second single stranded fragment and a second double stranded 
henriimodif led restriction endonuclease recognitioh/cleavage site; 

d) niclcing the first and second hemlmodlfled restriction endonuclease recognition/cleavage sites with the ther- 
mophilic re^trtetion endonuclease; 

. e) extehdihg from the nicks using the DNA polymerase, thereby displacing the first newly synthesized strand 
from the first single stranded fragment and displacing the second newly synthesized strand from the second 
single stranded fragment, thereby producing a third and a fourth newly synthesized strand, respectively; 
f) repeating the nicking, extending and displacing steps such that the target sequence Is amplified. 

The method of Claim 4 V/herein a double stranded fragment comprising the target sequence is gen^^^ . 
method comprising: ; 

a) binding the first and second amplification primers to a nucleic acid fragment comprising the target sequence, 
the first and seboncj: amplification primers binding 3' to the target sequence on opposite strands of the nucleic : 

. acid fragment; 

b) extending the first and secondn amplification primers oh the fragment, thereby producing a first extension .. 
product of the firsit amplification primer and a second extension product of the second; ampllficatiori primer; . 

c) displacing the first and second extension products by extension of a first and second bumper primer, and; : 

d) synthesizing complementary strands forthe displaced first and second extension products in the presence 
of the derlvatlzed deoxynucleoside triphosphate, thereby generating double stranded fragments comprising 
the target sequence which are amplifiable by SDA. 

: The nnethod:Of Clainri S.wherein the DNA polymerases is sejected from.it^^^ group consistlngof Bca polymerase and 
Bstpbiynierase.- 

The method of Claim 6 vyherein the thermophinc restriction endonuclease is selected from the group.consistirig of 
BsrVBstNlVBsmAl, Bsih BsoBI and BstOL 

A method foramplifying a target sequence comprising: 

a) binding an amplification primer for SDA to a single stranded nucleic acid fragment comprising the target 
sequence, the fragment having a 5' end and a3' end, the amplification primer comprising a recognition/cleay^ 
age site for a themnophillc restriction endonuclease which does not cutthe target nucleic acid sequence and 
binding to the fragment 3' to the target sequence; 

b) extending the ^mpltflcatlon primer pri the f ragnient at atemperature between 50 and 70 In the presence of 

I) a themfiophlltc DNA. polymerase, the polymerase being active between about 50?C and 70''Q, having ' 
strand displacing activity and lacking 5'-3V exonuclease activity^ 
: II) deoxynucleipside triphosphates, 

ill) at least one substituted deoxynucleoside triphosphate, and 

iv) athemriophilic restriction endonuclease which nicks the recognition/cleavage site when the site is hem- . 
impdified by Incorporation of the derjyatized deoxyhucieosid^^^^ 
between about 50**.C and 7P'*C, . 
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thereby producing a first extension product of the amplification primer comprising a first newly synthesized 
strand; 

c) displacing the first extension product from the fragment; 

d) synthesizing a complementary strand fpr the first extension product In the presence of at least one of the 
5 substituted deoxynucleoside triphosphates, thereby generating a double stranded hemimodifled restriction 

endonuclease recognition/cleavage site; 

e) nicking the double stranded hemimodifled restriction endonuclease recognitloh/cleavage site with the therr 
mophillc restriction endonuclease; . 

f) extending from the nick using the polymerase, thereby displacing the first newly synthesized strand from 
to the fragment and generating a second extension product comprising a second newly siynthesized strand, and; 

g) repeating the nicking, extending and displacing steps such that the t^^ 

9. The method of Claim 8 wherein the DNA polymerase is selected from the group consisting of Bca polymerase and 
•vBstpdlynierase. ■ '. 

'5 ■ ■ . 

10. The method of Claim 9 wherein the thenDophiiic restriction endbnuciease is selected from the group consisting of. 
. ;Bsri, BstNI,BsmAI,Bsll,^^^ 

20 PatentansprUche 

1i Verfahren zur Amplifikation einer Zlelsequenzi umfassend: 

a) = Bereitistelleh eihes eihzelstra^^ die ZielseqiUehz umfasseiiden.; Nudleihsiu^^ das 
25 Fragment ein 6'-Ende und ein 3'-Ende besitzt; 

b) Binden eines Amplifikationsprimers fur SDA an das 3'-Ende des Fragments, so dass der Primer einen 
: .. einzelstrSngigen 5'-Uberhang blldet, wobei der Amplifikationsprimer eihe Erkennungs-ZSpaltstelle fur eine 
. therrhbphlle RestriktionsrEndonudease umfasst, welche die Zielnucle^ 

c) yerldngern des Amplifikationsprimers arii Fragment bei einerTenriperatur zwischen 50 und 70''C iri Gegen^ 
30 wart.'; 

i) einer themriophilen DNA-Polymerase, wobei die Polymerase zwischen etwa 50°C und 70°C aktiv 1st, 
Strangverdrangungsaktivitat besitzt und kelne 5^3'-E^ 

ii) von Pesoxynucieosldtrlphosphatenj 

35 iii) mindestens eines derivatisierten Desoxynucleosidtriphosphats, und 

iv) einerthermophilen Restriktions-Endonuclease, diean der Erkennungs-ZSpaitsteileEinzelstrang^^^ 
einfuhrt, wenn die Steile durch den Einbau des derivatisierten Desoxynucleos^ 
■ ziert wird, wobei die Endonuclease zwischen sb^C und 70°C aktiy 1st, 

40 ; ■ wodurch ein erstes Verlangerungsprodukt des Amplifikat|onsprirners hergestellt wird, das einen ersten heu 
synthetisierten, zurZielsequenz kompiementaren Strang und eine doppelstrahgige henqimo 
nungS'/Spaltstellefur Restriktlons-Endonucleasen umfasst; 

d) Einfuhren von Einzelstrangbruchen an der doppelstrang 
Restrlktlons-Ehdonucleaseh rtiit der Sestriktions-^^ 

.45 e) Veriangem vom Einzelstrangbruch weg, unter Verwendung der DNAj Polymerase, wodurch der erste neu : 

synthetisierte Strang vom Fragment abgelost wird und ein zweites Verlangerungsprodukt erzeugt wind, weir 
cheseinen zweiten neu syhthetisierten Stranig umfasst; und 

f) Wiederholen.der Schritte des.Elnzelstrangbruche-Einfuhrens, des Veriangerns und des Ablosens, so dass 
die Zielsequeiiz ampllfizlert wird. 

2. Verfahren nach Anspruch 1 , wobei die DNA-Polymerase ausgewahi^ ist aus der Gruppe bestehend aus Bca- Po- 
lymerase und Bst- Polymerase. 

. 3. Verfahreh riach Aspruch 2, Wobei. die Restriktions^Endonucjease' au$gew list aus der Gruppe bestehend aus 
55 Bsrr, estNI,BsmAI, Bsll, BsoBiund BstOI. ;. 

4. Verfahreh zur Ampliflkatioh einer Zie^^ 
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a) Bereitstellen eines ersten und eines zweiten einzelstrangigen, die Zlelsequenz umfassenden Fragments, 
wobei das erste und das zwelte einzelstrangige Fragment je ein 5'-Ende und ein 3'-Ehde besltzt; 

b) Binden eines ersten AmpHfikationsprimers fur SDA an das 3'-Ehde des ersten einzelstrangigen Fragments 
und eines zweiten Amplif ikatlonsprimers fur SDA an das 3'-Ende qleis zweiten einzelstrangigen Fragments; so 
dass der erste und der zweite Amplifikationsprimer einzelstrangige 5'-Uberhange am ersten bzw. zweiten 
einzelstrangigen Fragment bilden, wobei der erste und der zweite Amplifikatibnsprimer jewejls ein 5'-Ende 
umfasst, das eine Erkennungs-ZSpaltstelle fur eine thermophlle Restriktions-Ehdonuciease umfasst, wetche 
die Zielnudelnsauresequenz nicht schneldet; 

c) Verliirigern des ersten und zweiten Ampliflkationsprimers anh iersten bzw. zweiten em Fragr 
ment bei einer Temperatur zwischen 50 und 70°C in Gegehwart 

i) einer thermophilen DNA-P6lymerase, wobei die Pbl^ etwa SO'^C uhd :70**C aittiyist, 

• Strangverdrangungsaktivitat besltzt und keine 5'-3^^^ 
il) von Desoxynucleosidtriphpsphaten, 
iii) mindestens eines derivatisierten Desbxynucle^^^ 

v) einerthemriophilen Restriktibns-Endonuclease, die an der ErkennungsVSpaltstelle Elnzelstrangbru^c^ 
einfuhrt, wenn die Stelle durch den Einbau des deriyatisierten Desoxynucleosidtrlphosphats hemimodifi- 
. ziert wird, wobei die Endonucjease zwischen etwa SO'^C und 7(y*0 aktiv ist, 

wodurch ein erstes Verlangerungsprodukt des ersten Amplifikationsprimers hergestellt wird, das i) einen ersten 
neu synthetisierten, zum ersten einzelstrangigen Fragment komplementaren Strang sowie eine erste doppel- 
strangige hemimodifizierte Erkennungssequenz fur Restriktioris-Endonucleasen umfasst, und ii) ein zweites 
Verlangerungsprodukt, das einen zweiten neu syntlietisierten, zum zwielten einzelstrangigen Fragment kom 
plemeiritareh Strang und eine zweite doppelstr^hgige herhlniodifizlerte ErkennungsV^^ Restrlkti-; 
ons-Endonucleasen umfasst; 

. d) Einfuhren von Einzelstrangbruchen an der ersten und Erkennungs-ZSpaltstelle; 
fiir Restriktions-Endonucleasen mit der thenribphiien Restriktions-Ehdonuclease; 
: e) Veriangern von den Einzelstrangbruchen weg, uhter Verwendurig der DNA-Polymerase. wodut'ch der erste 
rieu syhthetlsierte Strang vom eristen einzelstrariglgen Fragment abgelost wird und der zwelte heu syntheti^r 
sierte Strang vom zweiten einzelstrahglgen Fragment aipgelpstw 
thetisierter Strang hergestellt wird; 

f) Wiederholen der Schritte des Eirizelstrangbruche-Eirtfuhrens, des Veriangerns und des Ablosens, so dass; 
die Zieisequenz ahriplifizlert wird;.: ;^ : 

Verfahren nach Anspruch 4, wobei ein die Zlelsequenz umfassendes,! doppelstrfingiges Fragment erzeugt wird 
durch ein Verfahren, umfassehd: 

a) Binden des ersten und zweiten Amplifikationsprlmel^ an ein die; Zlelsequenz umfassendes Nuclei nsaure- 
fragment, wobei der erste und derzweite AmpIifikatlonsprlmerS' zur Zlelsequenz an entgegengesetzten Stran- 
gen des Nucleinsaurefragments binden; 

b) Verlangern des ersten und zweiten Amplif ikatlonsprimers ann Fragment, wodurch ein brstes Verlangerungs- 
produkt des ersten Amplifikationsprimers und ein zweites Verlangerungsprodukt des zweiten Ampiiflkatlons- 
prinrters hergestellt wird; 

c) Abidsen des ersten und zweitbh VerlangehJhgsprodukts durch Verlang^^^^^ ersten und zweiten Burb- 
per-Primers; und 

d) Synthetisieren komplenientarer Strange fur das abgeloste erste und zweite Verlangerungsprodukt in Ge- 
genwart des-derivatlsiertenDesoxynucleosidtriphosphats^ wodurch dpppels^^ 

sende Fragnrierite erzeugt werdenVdie mitteis SDA amplifizie^ 

Verfahren nach Anspmch 5, wobei die DNA-Po|yrtierase ausgewahit ist aus der Gruppe besteherid aus Bca-Po-^ 
lymerase und Bst-Polymerase. . 

Verfahren nach Anspruch 6; wobei die thenmophite. Restriktions-Endonuciease busgewahit ist aus der Gruppe 
bestehend aus BsrI, BstNi, BsnriAl,iBsll,^^^^^ 

Verfahren zur Amplifikation einer Zlelsequenz, umfassend: 

a) Binden eines AmpiifikationspHmers fur SPA an ein (BinzeiStrSngiges, die Zielsbquenz umfassendes Nu 
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cleinsaurefragment, wobei das Fragment ein 5'-Ende und ein 3'-Ende besitzt, der Amptifikationspiimer eine 
Erkennungs-ZSpaltstelle fur eine thermophile Restriktions-Endonuclease umfasst, welche die Zielriucleinsau- 
resequenz nicht schneidet, und 3' zur Zielsequenz an das Fragment bindet; 

b) Vertangern des Amplifikationsprimers am Fragment bei einerJemperatur zwischen 50 und 70*^0 in Gegen- 
5 wart 

i) einer thennophllen DNA-Polymerase, wobei die Polymerase zwischen etwa 50*'C und 70*'C akliv ist, 
Strangverdrangungsaktivitat besitzt und keine 5'-3''Exonucieaseaktivitat aufweist, 
il) von Desoxynucleosidtriphosphaten, 
10 iti) mindestens eines substituierten Desoxynucleosidtriphosphats, und 

iv) einer themnophilen Restriktlohs-Endonuclease, die an der Erkennungs-ZSpaltstelle Einzelstrangbriiche 
einfuhrt, wenn die Steiie durch den Einbau des derivatisierten Desoxynucleosidtrlphosphats hemimodifi^ 
zjert wird, wobei die Endonudease zwischen etwa 50*'C und 70*^0 aktiv ist, 

15 wodurch ein erstes Verlangerungsprodukt desi Amplifll<ationsprlniers hergesteitt wifd, das einen ersten rieu 

synthetisierten Strang umfasst; 

c) Ablosen des ersten Verleingerungsprodukts vom Fragment; 

d) Synthetisieren eines komplementaren Strangs fur das erste Vertdngerungsprodukt in Gegenwart minde- 
. stehs eines der substituierten Desoxynucleosidtriphosphate, wodurch eine doppelstranglge hemimodiflzlerte 

20 ErkennungsVSpaltstelie fur Restrtktions>Endonucleasen erzeugt wird; 

e) EInfuhren von Einzelstrangbruchen an der doppelstrangigen hemimodifizierten ErkennungsVSpaltsteile fur 
Restriktions-Endonucieasen mit der thermophilen Restriktions- Endonudease; 

f ) Verlangem vom Einzelstrangbruch weg, unter Venwendung der Pdlymerase, wodurch der erste neu synthe- 
tisierte Strang vom Fragment abgelost wird und ein zweites Verlahgeriingsprodiikt erzeugt wird, welches elhen 

25 zweiten neu synthetisierten Strang umfasst; und; 

g) Wiederhoien der Schhtte des Einzeistrangbruche-Eihfuhrens/ des Vertan^ 
die Zielsequenz ampllfizlert wird. 

9. Verfahren nach Anspruch 8, wob^j die DNA-Polymerase aus;gewahlt ist aus der Gruppe bestehend aus Bca-Po- 
30 lymerase und Bst-Polyrifierase. 

10. Verfahren nach Anspruch 9, wobei die thennophile Restriktions-Endpnuclease ausgewahit ist aus der Gruppe 
bestehend aus Bsri, BstNl^ BsmAI, Bslt, BsoBI und BistOj. 

315 . 

Revendlcations 

1 . Proc6d6 pour amplifier une sequence cible, comportant tes stapes conslstant d : 

40 a) fournir un fragment d'acide niicliique sinfipie-brin cohtenant la sequence clble, le fraghient ayant une ex- 

tr6mit6 5' et une extr6mit6 3', . 

b) Ner une amorce d'ampliflcation pour une amplification par ddplacement de brin (SDA) & I'extr6mit6 3' du 
fragment de sorte que Tamorce fonne une sailiie simple-brin en 5', I'amorce d'ampliflcation comportant un site 
de rebohnaissance/clivage pour une endonudease de restriction thermophile qui ne coupe pas la sequence 

45 d'acide nucl6ique cible, 

c) etendre I'amorce d'ampliflcation sur le fragment k une temp6rature comprise entre 50 et 70°C en presence 

i) d'une ADN-polym^rase thennophile. la polymerase etant active entre environ SO'^C et 70°C, ayant une 
activity de d^piacement de brin et ne pr^sehtant pas une activity exonuciease 5'-3\ 
50 il) de desoxynucI6oside-trlphosphates, 

. ill) d'au moins un d6soxynucl6oside-triphosphate d6riv6, et 

Iv) d'une endonudease de restriction thenmophlle qui coupe le site de reconnaissance/clivage lorsque le 
site est hemi-modlfie par incorporation du desoxynucieoslde-triphosphate derive, Tendonuciease etant 
active entre 50^C et 7b'*C, 
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de maniere k produire un premier produit d'extension de I'amorce d'ampliflcation comportant un premier brin 
nouvellement synthetise compiementaire de la sequence cible et un site de reconhalissance/clivage d'endo- 
nuclease de restriction heml-modifie, double-brin, 
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d) couper le site de reconnaissance/clivage d'endonucl6ase de restriction h6mi-modifi6 doubie-brln^ l'aide: 
de i'endonuclease de restriction, 

e) 6tendre depuis la coupure en utilisant I'ADN-poiynnerase, de manifere 6 d6piacer te premier brin nouvelle- 
'y- ment synth6tis6 depuis le fragment et g6n6rer un second produit d'extenslon conripprtant un second brin nou- 

veilernent synth6tls§, et 

f) r6p6ter les 6tapes de coupure, d'extenslon et de d6placement de manidre h amjsllf ier la s6quence cible. 

2. Proc^d^ selon la revendlcatlon 1, dans jequei I'ADN-polym^rase est s^lectionn^e panDl le groupe constitu6 de la 
polymerase Bca et de la polym6rase Bst. : . 

3. ; Procddd seloh la revendicatloh 2, dans lequel I!ehddhucl6ase de restHctlbnests^lbctiohnde parmi le groupeconsr 
trtu6 de BsrI. BstNl, BsmAI, Bsil, BsoBI et BstOI. : . 

4; Proc6de pour amplifier urie.:S§^ 



a) foumir un premier et tin second fragment simple-brin comportant la sequence cible, les premier et secbnd 
fragments simple-brin ayapt chacun uneextr6mit6 5' et une extr6mit6 3^ 

b) lierune premiere amorce d'ampliflcation pour une SDA ^ I'extr6mit6 3' du pr 

une seconde amorce d'amplification pour urie SDA^ rextr^nrilte 3' du second fragment simple-brih de sorte 
20 . • que les premiere, et seconde amorces d'amplification fomrient des saillies simpie-brin en 5' sur les premier et 
second fragments simple-brin, respectivement, les preml6re et seconde amorces d'amplification ayant cha-. 
cune une extr6mit6 5' ayant un site de reconnaissance/clivage pour un6 enclonucl6ase de restriction thermo- 
phlle qui ne coupe la sequence d'acide nucl6ique cible, . 

c) etendre les premiere etsecbhde amorces d'amplific^^^ 
25 respectlyement, & une terpp6r^^^ 

: i) d'une ApN-polym6rase therrriophile; la polymMse 6tant ac^^ une 
activit6 de d6pilacement de b 
li) de d6spxynucl^QSlde-triph6sphates, 
30 ili) d'au moins un d6soxyn ucl6oslde-triphosphate d6riv6, et 

iv) d'une ehdonUclease de restriction thenmpphile qui coupe te 

site est h^mt-modifid par incorporation du d6soxynucl6oside-triphosphate d6riv6. i'ehdonucteaise 6tant 
. : active entre environ ^O'^C et 70*C, 

35 demani§re& produlre un premier produit d'extension de la premiere amorce d'amplification comportant I) un 

premier brin npuvellement synthetisd compl6menta}re du premier fragment simple-brin et une premiere s6- 
queiicede reconnaissance d'endpnucl6ase de restriction h6mi-modifid, double-brin, et li) un second produit 
d'extensioncomportant un deuxl^me brin nouvellementsynth6tis6^c second fragment sim^ 

ple-brln et un second site de recohhalssance/clivage d'endohucl6ase de restriction; h^aii-niodif 16 dpuble-brin i 

40 d) couper les premier et second sites de reconnaissance/cllyage d'ehdPriucI h6rni-ririodifi6s 

6 I'alde de I'endonuclease de restriction thermophile, 

e) 6tendre depuis les coupures eri utilisant l'ADN-polym6rase, de mani6re ^ d6placer le premier brin nouvel- 
. lement synthetis^ depuis le premier fragnrient simple-brin et ^; d6ptacer le deuxieme briri nouvelieirnent syn- 

th6tls(§ depuis le second fragment simple-bHn, de 
45 . veilement synthetis6, respectivement, 

f) r^peter les etapes de coupure, d'extension et de d^placement de maniere^ annpllfier la se^ 

5i Precede selon la revendication 4, dans lequet un fragment double-brin. comportant la sequence cible est genere 
par un precede comportant les etapes cohsistant &: . 

a) lier les premiere et seconde amorces d'amplification ^ un fragment d'aclde nucieique comportant la -se- . 
quence cible, les premiere et seconde amorces d'amplification se liant en 3' ^ la sequence cible sur des brins;. 
opposes dii fragment d'aclde nucieique, ; 

b) etendre les prerniereet seconde amonies d'ampiiificatip^ 

S5 produit d'extension de la premiere amoirce d*ampllflcatibri et uri second produit d'extension de la seconde: 

amorce d'amplification, . 

c) deplacer les prenriieret sebohd prbduits^d^ 
tampon, et 
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d) synth6tiser des brins compldmentaires pour les premier et second produits d'extension ddpiacds en pre- 
sence du d^soxynucl^oside-triphosphate d6rlv6, de mani^re^ gdndref des fragnr^ehts double-brin comportant 
(a sequence cible qui peuvent etre amplifies par une SDA. 

6. Proc6d6 selpn la revendjcation 5, dans tequel rADH-polymdrase est s6(ectionn§e pamii le groupe constitud de la 
polymerase Bca et de la polym6rai5e Bst 

7. :Proc6d6 selpn la revendjcation .6, dans lequei rendonucl6ase de restriction therrnophile est s6Iectionn6e:parmi |e 
groupe cx)nstitu6 de BsrI, BstNI. BsmAI^B^^^^^ 

8. Prdc6d6 pour amplifleruhe sequence 



a) lier Line amorce d'amplification pour une SDA a un fragment d'acide nucieique simple-brin compprtant la 
sequence cible, le fragment ayant une extremlte 5' et une eictVemite 3', I'aniprce d'arnpllfication comportant un 

IS site de reconnalssance/clivage pour une eridbriuciease de restriction thermophile qui ne coupe la isequehce 

d'acide hucieique clbte et qui se lie au fragment 3' de la sequence^c^^ 

b) etendre I'amorce d'ampllf ication sur le fragment kune temperature comprise entre 50 et TO'^C en presence 

i) d'une ADH-pdlynrier^se thermbphiie.^^l^^ 
20 activite de depiacement de brin et ne presentairit pas une activite exonuciease 5'^^^^ 

ji) de desoxynucieoside^riphosphates, 

iii) d'au moins un desoxynucieoside-triphosphate substitue, et ; 

|v) d'une endonuciease de restriction thermophile qui coupe le site de reconnalssance/clivage iorsque le 
. site est. henriifmpd^^ deriye; rehdbnuciease 

■25 "' active entre environ 50**C et7Cy^G, 

de maniere A produire un prenn(ler:pirodulfd'e)rte^^ 
nouvellement synth6tis6, 
; c) deplacer le preniier prodUlt d'exten depuis le fragment, 
30 d) synthetiser un brin compitementaire pour le premier prbduit d'extension eh presence d'au moins un des 

desoxynucleoside-triphosphates substitues, de mahiere a generer un site de reconnaissance/clivage d'endo- 
nuciease de restriction h6mi-modifi6 double-brin, 

e) couper le site de reconnaissance/clivage d'endphgcie^sp de restriction hemi-modifie double-br|n k raide 
de l>ndonuc|6ase de restriction thermophjjei 
..35- • . f) 6tendre dcpuls ia coupurc CH utilisant Ib potymerasej dc •maniere 

synthetise depuis le fragment et generer un second produit d'extenision comportant un deuxifeme brin nouvel- 
lement synth6tls6, et 

g) repeter les etapes de coupure, d'extensioh et de deplacement de maniere k arhpHfier la sequence cible; 

40 .-'-- 9., Procede iselon la revendjcation 8, dans ieqUel l'A^ 
polymerase Bca et de la polymerase Bst. 

1 0. Precede selon la revendicatioh 9, dans lequeU'endonucieaseide restriction themribphile est seiectionnee parmi le 
groupe donstltuide BsrI, BstN I, BsmAi, Bsil, BtsbBI e^ 
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